Objective: Neurogenic tumours of the mediastinum are uncommon neoplasms arising from nerve tissues within the thorax. We sought to evaluate and compare the outcome following surgical resection of such tumours by VATS, open thoracotomy, and by either combined with hemilaminectomy. Methods: From February 1992 to March 2007, 93 patients underwent surgical resection of neurogenic tumours of the mediastinum in our institution. A videothoracoscopic approach was used in 57 cases (61.3%) (group V), of which 44 underwent VATS only and 13 required conversion to open approach. In the remaining 36 cases, 32 patients underwent thoracotomy (group T) and 4 had combined procedure with the neurosurgeons (group N). Results: No postoperative mortality was reported. Postoperative morbidity rate was 23.6% (22/93; 14 of group T, 4 of group N, and 4 of group V; p < 0.0001). Histology showed benign neurogenic tumours in all patients. Statistical analysis showed differences between the two groups (group V and T respectively) in mean operative time (111.3 AE 58.2 min vs 149.06 AE 77.05 min; p: 0.01), median postoperative stay (4 days vs 6 days p: 0.0009) and median postoperative pain on day 1, day 7 and 1 month after surgery (respectively p < 0.0001, p < 0.0001 and p: 0.001). At a mean follow-up of 73 months no patients showed recurrence of the tumour. Conclusions: VATS represents the gold standard for the treatment of benign neurogenic tumours of the mediastinum with better results in terms of morbidity, operative time, postoperative stay and postoperative pain compared to open approach. Dumbbell tumours require a combined thoracic and neurosurgical approach. #
Introduction
Intrathoracic neurogenic tumours are neoplasms arising from any of the neurogenic elements of the mediastinum. Schwannomas and neurofibromas develop from nerve sheath, ganglioneuromas and neuroblastomas from autonomic ganglions, and paragangliomas and pheochromocytomas develop from paraganglions [1] . Although uncommon their incidence is between 12% and 21% of all primary tumours of the mediastinum. Approximately 95% of posterior mediastinal masses arise from the intercostal nerve rami or the sympathetic chain region [2, 3] . These tumours are usually benign causing no clinical symptoms at presentation, and are often detected on chest radiographs taken for unrelated reasons [4] . Malignancy rate is related to patient's age: 6% in adults versus 40% in the first 5 years of life [5] . Around 10% of neurogenic paravertebral tumours have an extension into the vertebral canal and, by virtue of their shapes, are called 'dumbbell' tumours [6] .
Surgical resection is considered the treatment of choice for such tumours and postero-lateral thoracotomy has been the traditional surgical approach. Video-assisted thoracoscopic surgery (VATS) has largely been documented as a safe and effective method for excising such tumours. Previously published contraindications of VATS included the size of the tumour, intraspinal extension, and previous thoracic surgery. Tumours at the apex of the chest cavity in close proximity to the great vessels, the aorta, and the stellate ganglion carry an increased risk of vascular injury and Horner's syndrome postoperatively [7] . The aim of this study was to review our series of 93 patients with neurogenic tumours of the mediastinum surgically treated over 15 years in order to evaluate the feasibility and the contraindications of VATS.
Materials and methods
We collected retrospective clinical data of 93 patients (35 males and 58 females) with benign neurogenic tumours of the mediastinum undergoing surgical treatment in our institution from 1992 to 2007. Age of the patients ranged from 15 to 79 years (mean = 42.01 years). From 1992 to 1998, 32 patients underwent thoracotomy (group T). Since the early 1990s in our unit, VATS has been used sporadically for removing neurogenic tumours. After a learning period since March 1998, VATS has become the procedure of choice and was performed in 57 patients (group V). Of these, 44 underwent VATS only and 13 required a conversion to open thoracotomy. In 4 patients with intraspinal tumour extension VATS alone was judged unsafe, and a combined neurosurgical approach (group N) via a laminectomy alone (2 patients) or plus VATS (2 patients) was accomplished. The patients' data are given in Table 1 .
Prior to surgery all patients had detailed history and physical examination, routine chest radiography, electrocardiography and standard laboratory blood tests. None of our patients were suspected of having hormonally active tumours, and so catecholamine and vanillylmandelic acid levels were not routinely obtained.
To localise and define the nature of the tumour a computed tomographic (CT) scan was obtained in all patients. For tumours located in the paravertebral sulcus, and in cases of suspected involvement of the intervertebral foramen at CT scan, magnetic resonance imaging (MRI) scan was carried out in order to better define the tumour's vascular and nerve relations and its extension into the spinal canal.
Only 18.3% of patients had symptoms at diagnosis. The clinical picture was marked by pulmonary (cough in 4 and dyspnoea in 5 patients), neurological (Horner's syndrome in 1, arm's paresthesia in 2 and thoracic pain in 3 patients) and oesophageal (dysphagia in 2 patients) troubles.
Data was collected and comparisons made between the operative time, postoperative hospital stay, and postoperative pain among the three groups. Postoperative pain was subjectively assessed using the visual analogue scale.
All patients were followed up at 1 month, 6 months, 12 months and every 1 year after surgery with clinical interview and chest radiography.
Operative techniques

VATS
Patients were intubated with a double-lumen tube and were placed in standard postero-lateral thoracotomy position. A 08 video telescopic camera was inserted through a port at the midaxillary line through the fifth or sixth intercostal space and two working ports were usually positioned at the anterior and posterior axillary lines, according to tumour location. The parietal pleura covering the mass were circumferentially incised and with blunt dissection the tumour was mobilised. Intercostal and vertebral vessels supplying the tumour were tied up with endo-clips, and the tumour was pulled out from one port by using a specimen bag. Larger tumours that could not pass through the 10 mm port were broken to bits in the specimen bag, and we never had to enlarge the port. At the end of the procedure a chest drain was placed in the pleural cavity. Conversion to thoracotomy occurred in 13 patients. 
Thoracotomy
This was done through an intercostal space adjacent to the tumour limits in order to avoid entering the mass.
Posterior hemilaminectomy
All hemilaminectomies were performed by the neurosurgeons. Under general anaesthesia with a double-lumen endotracheal tube, the patient was positioned prone on bolsters. Approach was through a posterior midline incision at the involved vertebral level according to the extent of the tumour. Where the tumour was entirely extradural (3 cases), it was divided from the nerve root it originated from. In one case where it had an intradural extension, the dura was opened and under microscopic vision the spinal cord was separated from the tumour's intraspinal component, and the involved nerve root was sectioned adjacent to the spinal cord intradurally. The dura was repaired primarily with running monofilament suture. In two of the four cases hemilaminectomy was sufficient to completely remove the tumour. In the remaining two, after the intraspinal component was freed and pushed into the thoracic cavity by the neurosurgeon, the operation was completed by removing the entire mass via VATS after repositioning the patient in the standard postero-lateral thoracotomy position.
Statistical analysis
Statistical analysis of surgical outcomes (operative time, postoperative stay and postoperative pain on day 1, day 7 and 1 month after surgery) was performed in group V and group T. Continuous variables were reported as mean AE standard deviation (SD) when normally distributed, otherwise as median. Two-sample T testing was performed for operative time. Mann-Whitney U testing was used for postoperative stay and postoperative pain on day 1, day 7 and 1 month after surgery. Chi-square testing was used for categorical values. Group N patients were not considered for the statistical evaluation because of the combined treatment (neurosurgical only or thoracic plus neurosurgical approach). Differences were considered significant when p was less than 0.05.
Results
Complete surgical excision was achieved in all patients, with no postoperative mortality. There was no significant intraoperative blood loss and no major surgical complications occurred. Thirteen patients (13/57; 22.8%) undergoing VATS needed conversion to thoracotomy because of pleuro-pulmonary adhesions (3 patients), huge tumours (5 patients) and locations adjacent to important structures at risk of injury (3 in the posterosuperior mediastinum abutting on the subclavian artery; 1 low in the costodiaphragmatic space in close proximity to the oesophagus and arising from the vagus nerve; and 1 originating from the third left intercostal nerve adherent to the descending aorta). Two patients in group N underwent hemilaminectomy plus VATS. In the other two patients, the dumbbell tumour had a small intrathoracic component, and neurosurgical posterior approach was sufficient.
Histology proved the masses to be benign neurogenic tumours in all cases, with mean size of 5.69 AE 2.3 cm (range = 2-12.2 cm) ( Table 2) . A patient suffering from von Recklinghausen's disease underwent a thoracotomic resection of two neurogenic tumours: a neurofibroma and a ganglioneuroma. Postoperative morbidity rate was 23.6% (22/93; 14 of group T, 4 of group N and 4 of group V; p < 0.0001). Minor postoperative complications were represented by prolonged postoperative radicular pain managed with narcotics (18 patients), pulmonary atelectasis (2 patients), wound dehiscence (1 patient) and phrenic nerve palsy (1 patient). Statistical analysis showed differences Table 3) . At a mean follow-up of 73 months (range = 6-187 months) no patients showed recurrence of the tumour.
Discussion
Neurogenic tumours of the mediastinum are uncommon and are usually asymptomatic neoplasms although they account for 95% of all posterior mediastinal tumours. In our series 77 of the patients had tumours located in the posterior mediastinum, 3 in the middle mediastinum, 11 on the thoracic wall and 2 at the thoracic outlet. Only 18.3% of patients had clinical symptoms at presentation, which were mainly pulmonary (9.7%), neurological (6.5%) and oesophageal (2.1%) symptoms. Incidence of symptoms in our series is less when compared with other published series reporting a range of 45-50% and 6-13% of patients with pulmonary symptoms and neurological symptoms respectively [7, 11, 14] . The largest series ever published was that reported by Chinese workers Liu et al. [8] . One hundred and forty-three patients collected from three centres were surgically treated over 7 years. In that series, there were no conversions to open resection. However, patients with lesions greater than 8 cm in diameter, and those that were of malignant pathology, were not included. Moreover, 14 patients had tumours larger than 5 cm and required extension of the port wound to 6 cm to remove the specimen.
In our series the VATS mean operative time (111.38 AE 58.17 min) is similar to that reported in literature. Riquet et al. [7] reported a mean operative time of 92 min (40-120 min), while Yamaguchi et al. [9] reported 134 min (40-245 min). Riquet et al. [7] further reported a conversion rate of 30.7% (8/26), because of their intraspinal extension and difficult locations of the tumours. Their mean postoperative hospital stay was 7.75 days in the thoracotomy group and 5.3 days in the VATS group. The authors concluded that VATS was an acceptable approach to these tumours, unless there are intraspinal extensions, spinal artery involvement, tumours larger than 6 cm, tumours located at the apex of the chest cavity around the T2 nerve, or tumours in the costodiaphragmatic location. Barrenechea et al. [10] performed an intracapsular resection via VATS of two neurogenic tumours located around the T2 and T3 nerve roots in close proximity to the large arteries and veins at the apex of the chest cavity. We, however, preferred to resect such tumours through open thoracotomy in order to achieve good control of neurovascular structures and to guarantee a complete resection.
'Dumbbell' or 'hourglass' tumours, whose name is derived from their shape, account for 10% of all neurogenic tumours of the mediastinum, and have intraspinal and anterior paraspinal components connected through the intervertebral foramen. They were identified and named 'hourglass' by Heuer [11] in 1929, as did Naffziger and Brown [12] in 1933. The term 'dumbbell' was first used by Love and Dodge [13] in 1952, describing the spinal canal involvement. In our series all the dumbbell tumours (4) were removed by a combined surgical team (thoracic-and neuro-surgeons) via a laminectomy alone (two patients) or plus VATS (two patients). All four cases proved on histology to be schwannomas. Preoperative diagnosis of intraspinal extension is essential for determining the surgical approach. Magnetic resonance imaging, because of its accurate description of the existence and longitudinal extension of the spinal component of the tumour, is the preferred diagnostic tool. The usefulness of preoperative angiography to detect the position of the Adamkiewicz artery is controversial. In our series no patient developed signs of ischemic damage of the spinal cord postoperatively, even though angiography was not routinely performed.
To remove dumbbell tumours several surgical techniques have been published [14] [15] [16] [17] . Akwari et al. [18] described posterior laminectomy and, where necessary, adding costotransversectomy. Grillo et al. [6] performed a modified postero-lateral thoracotomy incision extending vertically over the spinous processes of the involved vertebrae. Ricci et al. [19] reported using Akwari's and Grillo's approaches selectively, reserving the latter for smaller tumours. Other groups [20] [21] [22] [23] preferred a laminectomy and a costotransversectomy without entering the pleural cavity or a combined laminectomy and thoracotomy in either one or two stages. Vallières et al. [24] described 4 patients treated with a surgical approach involving posterior microneurosurgery combined with anterior VATS. The intention of the study was to demonstrate the feasibility of VATS in patients with dumbbell neurogenic tumours. Based on our experience, we recommend that laminectomy is used to remove the intraspinal component of dumbbell tumours and it should be performed first. This avoids traction on the spinal cord during manipulation of the intrathoracic component and allows a water-tight dural closure to be performed. Most dumbbell tumours can be managed effectively with a single-stage posterior exposure, with partial laminectomy and unilateral facetectomy. However, if the intrathoracic component is large, then a thoracic approach, preferably a VATS, should be used to remove it. In all cases, it is certain that one-stage removal offers excellent results and reduces the risk of spinal cord damage caused by bleeding, traction, or compression.
In conclusion VATS represents the gold standard for the treatment of benign neurogenic tumours of the mediastinum, with better results in terms of morbidity ( p < 0.0001), operative time ( p: 0.01), postoperative hospital stay ( p: 0.0009), and postoperative pain ( p < 0.0001, p < 0.0001 and p: 0.001) compared to the open approach. Dumbbell tumours require a combined thoracic/neurosurgical approach.
